Since the invention of laser, various applications for lasers in endodontics have been proposed, such as disinfection of the root canal system, canal shaping, pulp diagnosis, and apicoectomy. One of the major applications of laser in endodontics is apicoectomy. The aim of this article is to review the benefits and drawbacks of laser applications in apicoectomy, including effect on apical seal, effect on dentin permeability, effect on postsurgery pain, effect on crack formation, effect on root-end morphology, effect on treatment outcome, and connective tissue response to laser-treated dentin.
INTRODUCTION
In 1916, a German-born theoretical physicist, Albert Einstein stated that photons have the ability of stimulating the emission of identical photons from atoms that have been excited. 1 Ladenburg 2 in 1928 showed some indirect documents for the process of stimulated emission. Fabrikant 3 in 1940 proposed that stimulated emission in gas discharge may have the ability of amplifying the light under suitable conditions. However, the weak point of this study was no long-term follow-up. After the Second World War, Lamb and Retherford 4 showed that nuclear magnetic resonance may produce population inversions. Furthermore, the stimulated emission of radio waves was shown by Purcell and Pound. 5 The first laser was produced by Maiman 6 by excitation of a ruby rod with intense pulses of the light from a flash lamp. The first actual generating laser (633 nm) was built using a combination of helium and neon. 7 Potential uses of the ruby laser in dentistry were investigated for the first time by Stern and Sognaes 8 and Goldman et al. 9 As the initial studies were done with ruby laser, some clinicians started using other lasers including carbon dioxide (CO 2 ; 10,600 nm), argon (Ar; 514 nm), neodymium:yttrium-aluminum-garnet (Nd:YAG; 1,064 nm), and erbium (Er):YAG (2,940 nm). 10 In the discipline of endodontics, for the first time Weichman and Johnson 11 in an in vitro study used a high power-infrared (CO 2 ) laser to help to get a better seal in the apical foramen area. Subsequently, attempts were made to seal the apical foramen using the Nd:YAG laser.
LASER'S CHARACTERISTICS
Light amplification by stimulated emission of radiation is abbreviated to LASER. Laser light is a man-made single photon wavelength. According to Einstein, 1 when an excited atom is stimulated to emit a photon before the process occurs spontaneously, the lasing process occurs. 12 Spontaneous emission of a photon by one atom stimulates the release of a subsequent photon, and so on. Laser is a single wavelength (monochromatic), collimated (very low divergence), and coherent (photons in phase) light. Wavelength of the emitted photon depends on the state of the electron's energy when the photon is released. When the states of electrons of two identical atoms are identical, wavelengths of released photons are identical. The characteristics of a laser depend on its wavelength. 13 Wavelengths emitted at the ultraviolet portion of the electromagnetic spectrum seem to be promising in endodontic therapy. It seems that the most appropriate laser to slow selective removal of necrotic debris from the root canal and to leave smooth, crack-free, and fissure-free melted dentin walls are the ArF excimer laser (193 nm). Further, the XeCl excimer laser (308 nm) can melt dentin and close dentinal tubules. 10, 11, 13 Laser photons interact with tissue in four ways: They are transmitted through tissue, scattered within tissue, reflected from tissue, or absorbed by tissue. Absorption of laser beams by the tissues is mainly due to the presence of free water molecules, proteins, and pigments. The absorption coefficient strongly depends on the wavelength of the incoming laser. Absorption by water molecules plays a significant role in thermal interactions. The absorption coefficient for water is 0.020 for diode laser (800 nm), 0.00029 for argon laser (514 nm), 860 for CO 2 laser (10,600 nm), 12,000 for Er:YAG (2,940 nm), and 0.61 for Nd:YAG (1,064 nm). 
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EFFECT ON APICAL SEAL
EFFECT ON POSTSURGICAL PAIN
Payer et al 24 showed that low-level laser therapy had no significant effect on postsurgery pain. In a double-blind randomized clinical trial, Kreisler et al 25 evaluated the effect of low-level laser application on postoperative pain after endodontic surgery and found that it can be beneficial for the reduction of postoperative pain. 32 showed that laser treatment may produce more irregular surfaces comparing the bur.
EFFECT ON CRACK CREATION
EFFECT ON TREATMENT OUTCOME
In an attempt to increase the successful rate of endodontic surgical procedures, Gouw-Soares et al 18 showed that
Nd:YAG laser may result in dentinal tubules sealing and bacterial reduction. Er:YAG laser resulted in no discomfort, less contamination of surgical site, and no smear layer. However, better healing achieved with Ga-Al-As laser. Friedman et al 33 studied different retrofilling materials and CO 2 laser in apical surgery. The best results obtained in roots retrofilled with amalgam/varnish, whereas the worst material was composite resin, with significant difference. Usage of CO 2 laser during apical surgery did not affect the results.
SAFETY OF LASER IN APICOECTOMY
In an in vitro study, Bodrumlu et al 34 showed that Er:YAG laser for apicoectomy in different pulse durations can be used with an acceptable safety for apical resection in the presence of sufficient water.
